A review of current agent-based systems exemplifies that a Western perspective is predominant in the field. But as conversational agents focus on rich multimodal interactive behaviors that underlie face-to-face encounters, it is indispensable to incorporate cultural heuristics of such behaviors into the system. In this paper we examine some of the pitfalls that arise in developing such systems.
Introduction
This paper argues that Embodied Conversational Agents (ECAs) [5] are prototypical devices for enculturating the human computer interface. It examines the standard development process for ECA systems and discusses at each step the pitfalls that arise from integrating culture as a computational parameter into the process. The paper is not going to argue for or against specific cultural theories, but relies on Hofstede's [11] dimensional theory of culture as a widely used example.
Embodied conversational agents can be regarded as a special case of multimodal dynamic interactive systems (see Figure 1 for some examples). They promote the idea that humans, rather than interacting with tools prefer to interact with an artifact that possesses some human-like qualities -at least in a large number of application domains. If it is true, as Reeves and Nass' [24] media equation suggests, that people respond to computers as if they were humans, then there are good chances that people are also willing to form social relationships with virtual personalities. As a consequence, it seems inevitable to take cultural aspects into account when creating such agents. Due to their embodiment, agents present complex multimodal systems with rich verbal and nonverbal repertoires. Additionally, the appearance of the agent might play an important role when taking cultural aspects into account. [21] , an autonomous bot in Second Life [27] , the Gamble multiuser dice game [25] , interacting with virtual dancers [30] . Bottom row: collaborating agents in edutainment [28] , a virtual tourist guide, the FearNot! anti-bullying system [10] .
Embodied Conversational Agents as an interface metaphor have a great potential to realize cultural aspects of behavior in several fields of human computer interaction:
1. Information presentation: By adapting their communication style to the culturally dominant persuasion strategy, agents become more efficient in delivering information or selling a point or a product. 2. Entertainment: Endowing characters in games with their own cultural background has two advantages. It makes the game more entertaining i.) by providing coherent behavior modifications based on the cultural background and ii.) by letting the characters react in a believable way to (for them) weird behavior of other agents and the user. 3. Education: For educational purposes, experience-based role-plays become possible, e.g. for increasing cultural awareness of users or for augmenting the standard language textbook with behavioral learning.
Two main issues for enculturating embodied conversational agents are discussed in this paper:
1. Enculturating agents opens up a challenging research field because culture penetrates most of the above mentioned features (verbal and nonverbal behavioral, appearance) of an agent. Thus, enculturating such a system has to rely on a solid theoretical framework that is able to describe or even predict these influences. 2. Moreover, the developers' own cultural background provides them with implicit design heuristics for the system, which have to be challenged actively at every step of the process.
These issues are addressed in relation to the methodological approach for realizing ECA systems.
Designing ECA Systems
The methodological approach for modeling the behavior for embodied conversational agents is well exemplified by the following development steps:
To build a formal model for generating realistic agent behaviors, data of human interactions is necessary for two reasons: (i) it serves as an empirical foundation for the formal models of human agent interaction, and (ii) it serves as a benchmark against which these models are evaluated. In most cases, formal models are not built from scratch. Rather, the data analysis serves to refine existing models found in the literature. Such models often lack explicit information necessary for the integration in an agent system like synchronization and timing of modalities. Over the last decade, numerous work has established the area of multimodal corpus analysis to shed light on the specifics of multimodal interaction. To give some examples, [16] suggest an annotation scheme for gestures that draws on the distinction between the temporal course of a gesture and its type and relies on a gesture typology introduced by [20] . [1] as well as [7] annotate instead the expressivity dimensions of gestural activity focusing on how a gesture is accomplished and not on what kind of gesture is used. [26] describe an annotation scheme that analyzes gestures on a more abstract functional level. Their corpus captures the relation between linguistic and nonverbal strategies of politeness. ─ Model: The data gathered in the previous step of the development process serves as the foundation of a formal model of human agent interaction. [4] give an account on how the data from such a corpus can be used to directly mirror the behavior of a human speaker with an agent. A similar approach is described by [16] , who extract information of personal idiosyncrasies of the human speaker, which is then mimicked by the agent. [19] extract statistical rules from a corpus of natural dialogues that allow them to generate appropriate head and hand gestures for their agent that accompany the agent's utterances. Instead of rules, [26] have shown how statistical information can be extracted from a multimodal corpus and used as control parameters for a virtual character. To this end they analyzed what kind of relation exists between certain types of gestures and verbal strategies of politeness. The resulting models of human-human conversational behavior then serve as a basis for the implementation of ECAs that replicate the behaviors addressed by the models. ─ Test: To evaluate the resulting system, experiments are set up in which humans are confronted with ECAs following the model. The data collected in the first step can serve as a baseline against which the resulting ECA implementation can be tested. [6] as well as [23] exemplify this use of multimodal corpora in developing agents that exhibit human turn taking behavior and human grounding behavior respectively. [25] uses instead a corpus of human agent interactions to exemplify how design guidelines can be derived on this basis for such interactive systems.
The above mentioned work concentrated on the challenge of realizing natural interaction behaviors for agent systems but did not acknowledge culture as a relevant parameter that might influence such interactions. As long as the cultural background of the users of such systems is identical to the developer's background, this does not pose a problem as both work with the same culturally determined heuristics for generating and interpreting behavior. In the next section, we present work that tries to explicate cultural influences in order to allow for adapting the behavior of agents to the user's cultural background.
Related Work
Compared to the systems described in the last section, culture adds another layer of complexity to the endeavor of modeling the behavior of conversational agents. Prominent approaches that embrace this challenge are so far primarily located in the area of intelligent tutoring systems. The tactical language initiative [14] aims at coaching US soldiers in culture specific language skills. Obviously, the target domain is the Middle East. Users have to use the right phrases and select appropriate co-verbal gestures in order to achieve their goals, e.g. to persuade a doctor to move his hospital somewhere else. The same user group and cultural domain is focused in [18] , who present a tutoring system to teach social norms in negotiation scenarios. [15] examine cultural differences in persuasion strategies and present an approach of incorporating these insights into a persuasive game for a collectivist society. Whereas the presented systems aim at simulating real cultures, the Orient system [3] considers a virtual culture instead, targeting teenagers as a user group and trying to increase the awareness of cultural differences in this age group. These systems explicitly model cultural behavior of the agents for a given domain. What is lacking so far is a principled approach of considering culture as a computational parameter. [13] present a first approach of modifying the behavior of characters by cultural variables relying on Hofstede's [11] dimensions. The variables are set manually in their system to simulate the behavior of a group of characters. [29] aim at automatically adapting to the user's cultural background by setting appropriate parameters for the nonverbal behavior of the agents. To this end they employ Bayesian networks that model the causal relations between cultural dimensions and nonverbal behavior. [12] investigate the relative importance of appearance and verbal as well as nonverbal behavior to attribute a specific culture to an agent and find evidence that consistent behavior can override the cultural background implied by the agent's appearance.
To sum up, the importance of cultural influences on the interactive behavior of agents have been acknowledge but there are only few approaches that go beyond the explicit modeling of a specific culture for a clearly determined application scenario. One reason might be the difficulty of pinning down the influences of culture on the development process of agent-based systems. In the remainder of this paper, we exemplify the problems of developing truly enculturated agents.
Fig. 2. Cultural influences on the development of ECAs

Culture in the Development Process
Introducing culture into the development process poses challenges on two levels. (i) The development should be grounded in a theoretical framework that is able to explain and ideally predict behavior based on the features of a specific culture. This would allow realizing a parameter-based model of cultural influences in order to simulate culture-specific behavior without having to develop a completely new agent for every culture. (ii) The developer(s) own culture has to be kept at bay as it provides implicit design heuristics that have to be actively challenged at every step of the development process.
The rest of this section will address these two challenges for the first two steps of the development process. Figure 2 exemplifies the interrelation of cultural aspects that interfere with this process either from the phenomena under examination or from the developers own cultural background.
Study
The most appropriate theoretical framework for our endeavor seems to be a theory that defines culture as norms and values, i.e. heuristics for behavior. A number of approaches exist for this line of thinking ( [9] , [17] , [31] ). One that is prominent and widely used is Hofstede's [11] dimensional theory of culture. Based on a broad empirical survey Hofstede defines culture as a dimensional concept, where a given culture occupies a certain area on each dimension. Correlated with the locations on these five dimensions are heuristics on how to behave "properly" in the given culture. The five dimensions are hierarchy, identity, gender, uncertainty, and orientation. We will not go into detail here but give an example on possible correlations between dimension and behavioral heuristics. The identity dimension e.g. is tightly related to the expression of emotions and the acceptable emotional displays in a culture. Thus, it is more acceptable in individualistic cultures like the US to publicly display strong emotions than it is in collectivistic cultures like Japan [8] . Uncertainty avoidance like identity is directly related to the expression of emotions. In uncertainty accepting societies, the facial expressions of sadness and fear are easily readable by others whereas in uncertainty avoiding societies the nature of emotions is less accurately readable by others, which was shown by [2] . It has to be noted that Hofstede's theory is not without controversy. His theory is based on a large-scale questionnaire study with IBM employees, which constitutes a strong selection bias on the results. Nevertheless, Hofstede's theory has a great appeal because of its quantitative nature. Although the theory describes certain correlations between cultural dimensions and correlated behavioral heuristics, this attribution is not unambiguous as the correlated heuristics might contradict each other on different dimensions. Consider for instance the following example dealing with proxemics. High power distance (hierarchy) might result in standing further apart in face-to-face encounters whereas collectivism (identity) generally means standing closer together in the same situation. Both attributions hold true for the Japanese culture. Thus, what will be the result of these correlations if they are combined? Solutions of different complexity can be thought of. Interlocutors could position themselves simply in a mean distance. Or we could define a hierarchical relation between the dimensions resulting in some information being overridden or weighted differently. More sensible would be a contextual adaptation that takes the semantics of the dimensional position into account. If a culture has a high power distance then there could be differences in proxemics behavior that are related to social status, for instance resulting in standing further away from high status individuals but closer together with peers.
What is apparent from these examples is one obvious conclusion. To adapt the behavior of agents to cultural heuristics it is indispensable to gain insights into how these differences manifest in face-to-face encounters. Unfortunately, there is a lack of reliable cross-cultural data as the information in the literature is often of an anecdotal character, or lacks technical information that is necessary to realize an interactive system. One way to deal with this problem is to gather data in a standardized way, tailored to the modeling endeavor. In [22] in this volume, we describe such an approach for the German and Japanese culture.
Whereas sometimes the developer's intuition might work due to the fact that the developer can take his own actions as a model for building the interactive behavior of an ECA, this is quite problematic if designing for a different culture. The developer's own cultural norms and heuristics hinder this process in making quite specific aspects of behavior relevant that might be irrelevant in a different culture. Consider the following example. If studying turn-taking behavior in Germany, the effect will be to consider an ordered exchange between interlocutors with little overlap as the basic form of discussion. But in other cultures it is more common to have strong overlaps and simultaneous turns in discussions to emphasize one's interest in the topic [32] . Thus, investigating turn-taking behavior in Italy might result in a completely different model of turn-taking behavior. Thus, even when being aware of cultural differences does not necessarily help in identifying relevant behaviors. An obvious solution to this problem would be to always involve developers from the targeted cultures in the development process. This might only be feasible for large-scale projects. A lowbudget solution would be to discuss most of the design choices as often as possible with someone from the target country. To do so, it is important to make one's own design choices explicit. As the underlying heuristics are implicit and generally interpreted as the "natural" way to do things, this might not be too easy. One way of solving this problem could be to develop some best-practice advices on how to check for cultural issues in the design of the system.
Model
If we roughly sketch the process of behavior selection and generation in an agent system, it becomes obvious that culture penetrates most stages of this process. Figure 3 gives a simplified impression of some of the main processing steps. In the planning stage, culture provides scripts and rituals for interactions. One of the most fundamental situations in this respect is a first meeting encounter. According to [2] , a first meeting is a ritual that follows pre-defined scripts. [32] follows this analysis by denoting a first meeting as a ceremony with a specific chain of actions. Behavior selection is concerned with enriching the dialogue step with suitable verbal and nonverbal behavior. Consider the use of gestures as an example. Culture influences the selection process on different levels. On the one hand, it is necessary to choose the right gesture type and animation for the utterance. This repertoire of available gestures is at least partially culture-specific as there are sets of language and thus Fig. 3 . Culture influences during the behavior generation process culture-specific emblematic gestures. On the other hand, if and how many gestures are employed in an utterance differ widely between cultures. The Italian culture for instance has a rich repertoire of emblematic gestures and gestures in general are used frequently in face-to-face encounters. Quite the opposite is true for the German culture. In the realization stage another influence of culture comes into play. Consider again gestural activity. Whereas one culture gestures fast and frequently, taking much space in doing so, other cultures make only use of infrequent gestures that do not intrude the space of the interlocutor. The scheduling stage at last is necessary to ensure appropriate timing in turn-taking of the interlocutors, which again is culturespecific. For instance in the above mentioned study on German and Japanese behavior [22] we found that German interlocutors are generally uncomfortable with longer pauses in conversations compared to the Japanese samples.
One suggestion to deal with this ubiquitous influence of culture is presented in [29] . By modeling the causal relations between a culture's location on Hofstede's dimensions and correlated behavior in a probabilistic network, it becomes possible to extract different types of cultural influences from this network. The different layers of the network can serve as influence at different steps of the generation process. Another idea is presented in [3] . In a close analogy to the Chomskian ideas of language use, a universal behavior selection process is realized, which is augmented with culture-specific transformation rules for perceptions and actions.
Again, the cultural background of the developer supplies heuristics on what is interpreted as relevant or typical behavior. At this point, this check is necessary on different layers of abstraction. The developer's background may bias how the data derived in the previous step is used to model the behavior of an ECA. The definition of objective criteria is a necessary prerequisite for a reliable analysis. Actually building the ECA based on the analysis and the model suffers from the same pitfalls as before. What is an unimportant variation in gestural expressivity in one culture might lead to severe misunderstandings in a second culture. The same suggestions presented in the previous section apply here.
Conclusion
In this paper we examined a number of pitfalls one could stumble in while developing enculturated conversational agents and presented some ideas on strategies to prevent these pitfalls. These pitfalls originate from different sources. On the one hand trying to integrate cultural aspects in interactive systems poses the challenge of modeling these aspects based on a sound theoretical framework that is able to explain or even predict behavioral heuristics of different cultures. On the other hand the developer's own cultural background has to be kept in check in the process as it provides implicit design heuristics for the system that might go easily unnoticed. Consequently, there are different strategies for avoiding these pitfalls. Hofstede's dimensional theory of culture is very popular but the difficulties in applying this theory have been noted. Thus, it remains to be shown if there are more suitable models for this endeavor. For keeping the developer's own cultural background in check, a solution was presented that involves establishing best practice guidelines for the integration of cultural aspects in interactive systems.
